Japan). ZON (100 mg/mL in CH 3 CN), FMB1 (50 mg/mL in CH 3 CN/H 2 O = 1/1), and FMB2 (50 mg/mL in CH 3 CN/H 2 O = 1/1) were from BioPure (Cambridge, MA). Acetonitrile (pesticide residue and PCB of analytical grade) and methyl alcohol (LC/MS grade) were from Kanto Chemical (Tokyo). Oasis HLB (200 mg/6 cc) cartridges were from Waters (Milford, MA). Polytetrafluoroethylene (PTFE) filters were from GE Healthcare Japan (Tokyo). Barley shochu mash was made by fermenting barley, water, koji (Aspergillus kawachii), and yeast (Saccharomyces cerevisiae) at 25 C for 16 d. It contained 20% ethyl alcohol by volume v/v and was weakly acidic (pH 4.2).
Sample analysis was performed according to a procedure in our previous report.
6 ) The concentrations of mycotoxins in the samples were determined by high performance liquid chromatography ACQUITY UPLC (Waters) coupled to a triple-stage quadrupole mass spectrometer Quattro Premier XE (Waters). MassLynx V4.1 software (Waters) was used to control the instruments and to process the data. An ACQUITY UPLC BEH C18 column (2:1 mm Â 50 mm, 1.7 mm; Waters) operating at 40 C was used as the analytical column. The mobile phases consisted of (A) H 2 O and (B) 2% CH 3 COOH and 0.1 mM CH 3 COONH 4 /CH 3 OH. Two linear gradient profiles were applied at a flow rate of 0.5 mL/min, as follows: (1) 0 min (95% A, 5% B), 4.5 min (20% A, 80% B), 6 min (20% A, 80% B), and (2) 0 min (45% A, 55% B), 2 min (20% A, 80% B), 3.5 min (20% A, 80% B). PAT, NIV, DON, AFG2, AFG1, AFB2, AFB1, HT2, T2, and ZON were separated by method 1. FMB1, OTA, and FMB2 were separated by method 2. The injection volume of the samples was 5 mL. The electrospray-ionization (ESI) source was operated in positive-or negative-ion mode. The operating parameters were optimized under the following conditions: desolvation gas, 800 L/h; cone gas, 50 L/h; desolvation temperature, 450 C; and source temperature, 120 C. Table 1 lists the ionization modes, the precursor ion-to-product ion transitions, the cone voltages, and the collision energies for each compound. Calibration curves to determine the concentrations of the samples were obtained by the standard addition method to assure accuracy of the quantitative values.
Two hundred mL of unpolluted barley shochu mash was spiked with 13 mycotoxins to cause it to be artificially contaminated. Spiking levels were set to 10 ng/mL for AFG2, AFG1, AFB2, and AFB1, and to 50 ng/mL for all the other mycotoxins. Then 200 mL of contaminated mash with 20% ethyl alcohol v/v was distilled with small-scale apparatuses, each under atmospheric and under reduced pressure. The temperatures in the flasks charged with the mash were 99 C and 57 C respectively under atmospheric and reduced pressure. The degree of vacuum was 100 mmHg under reduced pressure. The distillation period was 2 h. Finally, 90 mL of the distillate with 40% ethyl alcohol v/v was collected.
The distillate was filtered with a PTFE filter before LC-MS/MS analysis. As for the distillation residue, a 1-mL sample was diluted with 3 mL of 5% CH 3 OH/ H 2 O, and was centrifuged at 175 g for 5 min. The supernatant was loaded onto a SPE cartridge (Waters
HT-2 toxin (HT2) The performance of our developed method was assessed using distillates and distillation residues spiked with mycotoxins. Repeatability, relative standard deviation (RSD) %, and accuracy (%) were assessed using samples spiked at a level of 50 ng/mL (10 ng/mL for AFG2, AFG1, AFB2, and AFB1). Measurements were repeated 5 times on the same day. The coefficient of linearity (r) was determined using samples spiked at levels of 1, 2.5, 5, 10, 25, 50, 100, and 250 ng/mL (0.2, 0.5, 1, 2, 5, 10, 20, and 50 ng/mL for AFG2, AFG1, AFB2, and AFB1). The limits of quantification (LOQ) were determined based on the signal-to-noise ratio, 10:1. The acceptance criteria for method validation were determined as follows: Repeatability (RSD %) at less than 20%, accuracy (%) from 70% to 120%, and linearity (r) no less than 0.99. Of the 13 mycotoxins tested, all met the validation criteria for distillates and distillation residues (Table 1) .
In none of the distillates, obtained by distillation methods under atmospheric pressure (n ¼ 3) and under reduced pressure (n ¼ 3), was any of the 13 mycotoxins detected. The mycotoxins tested did not transfer from the fermented mash to the distillates in the distillation process. On the other hand, some of the mycotoxins remained in the distillation residues after the distillation process. The ratios of those remaining were derived for each mycotoxin. These analytical data are shown in Table 2 . PAT, AFG1, AFB1, ZON, and FMB2 decreased remarkably in the distillation residues, but some of the mycotoxins (NIV, DON, AFG2, and AFB2) showed decreases only in distillation under reduced pressure. These decreases were not due to pyrolysis because the temperature in the flasks charged with the mash under reduced pressure (57 C) was lower than that under atmospheric pressure (99 C). Alternatively, the possibility of enzymatic breakdown is to be considered since enzymes are usually active below 60 C. Fermented barley shochu mash artificially contaminated with 13 mycotoxins was distilled with small-scale apparatuses to elucidate the fate of mycotoxins in the distillation process. None of the tested mycotoxins was detected in the distillates. Moreover, some mycotoxins decreased considerably in volume in the residues after distillation. This indicates that distillation is an effective process for minimizing the risk of damage to distilled alcoholic beverages due to mycotoxins.
